Cardiac output, systolic blood pressure and heart rate were measured with non-invasive techniques before, during and after induction of anaesthesia with thiopentone (7.5-8.5 mglkg) and suxamethonium (1.4-1.7 mglkg), and after intubation in unpremedicated infants and diazepam-atropine premedicated children. Cardiac output was measured with a combination of M-mode and pulsed doppler echocardiography. Significant decreases in systolic blood pressure, cardiac index and stroke volume index were observed during induction in both infants and children. Intubation caused increases above pre-induction levels of heart rate, blood pressure and cardiac index in both infants and children. Stroke volume index increased marginally in infants but remained depressed in children after intubation. Left ventricular shortening fraction decreased significantly in five other children during induction. It is concluded that thiopentone causes significant reduction in cardiac output by depression of myocardial contractility manifested by depression of blood pressure and stroke volume. Premedication with atropine may ameliorate reduction in cardiac output by permitting an increase in heart rate during induction. Induction of anaesthesia with thiopentone and premedication with diazepam does not prevent hypertension and tachycardia occurring with intubation.
of heart rate and blood pressure. These measurements are used to extrapolate changes in pump function of the heart, i.e. in cardiac output, which may be characterised as the product of heart rate and stroke volume. Although changes in heart rate directly relate to changes in cardiac output if stroke volume is maintained, changes in systolic blood pressure are related not only to changes in cardiac output but also to changes in peripheral resistance, venous return and cardiac filling pressures. Changes in stroke volume and hence cardiac output cannot be directly inferred by observation of changes in blood pressure. Several authors have Anaesthesia and Intensi,'e Care, Vol. 16, No. 3, August, 1988 investigated cardiac performance during thiopentone anaesthesia in adults but there is little information concerning children because of the limitations of existing invasive techniques.
Doppler echocardiography enables noninvasive real time measurement of cardiac output in neonates,2 infants and children 3 ,4 and adults. 5 M-mode echocardiography enables noninvasive assessment of myocardial contractility during anaesthesia. 6 This clinical study reports the effect of thiopentone and suxamethonium on cardiac output measured with pulsed doppler echocardiography in healthy children presenting for elective surgery. Changes in blood pressure and heart rate were also measured and M-mode echocardiography was used to examine changes in left ventricular shortening fraction during induction.
METHODS
Seven infants aged 2-12 months, mean weight 6.4 (SO 2.1) kg and seven children aged 2-12 years, mean weight 22.0 (SO 8.3) kg were studied. All were presenting for elective abdominal or genital tract surgery and were free of cardiorespiratory illness. The infants were unpremedicated. The children were premedicated with oral diazepam 0.2-0.3 mg/kg and atropine 10-20 Ilg/kg 1-2 hours before arrival in the operating theatre. All measurements were carried out on the operating table and were completed before the commencement of surgery. Pre-induction measurements were made when the patient was calm or when initial crying had ceased. Intravenous cannulation was performed after pre-induction measurements. Measurements were made during induction and immediately after intubation. Induction was performed with intravenous thiopentone 7.5-8.5 mg/kg and suxamethonium 1.4-1. 7 mg/kg. Positive pressure ventilation was given during induction and after intubation.
Cardiac output was measured with a combination of pulsed doppler and M-mode echocardiography (Vingmed SD-I00 Vingmed Horten, Norway). Cardiac output (l/min) was computed as the product of the aortic cross sectional area and the average blood flow velocity immediately distal to the aortic valve leaflets.2 The aortic cross Anaesthesia and Intensive Care, Vol. 16, No. 3. August, 1988 sectional area was calculated from the diameter of the aorta measured by M-mode (5 mHz) at end systole. The doppler probe, incorporating a 2 mHz or 3 mHz transducer, was placed in the suprasternal notch and the signal directed towards the aortic root. Flow in the supravalvular region was identified with the combined use of range-gating, a visual flow profile and the audio signal. Average velocity was computed by spectral analysis of the flow using Chirp-Z Transform as the mathematical algorithm. The computed cardiac output was displayed after each successive period of 2.5 seconds. Cardiac output was determined continuously during induction. Three successive readings were averaged at the peak or trough of changes. Systolic blood pressure was measured by oscillometry (Oinamap, Critikon, Florida, U.S.A.) and heart rate was recorded from an electrocardiograph.
Five additional diazepam-atropine premedicated children were subjected to serial M-mode studies during induction with thiopentone' and suxamethonium. Left ventricular shortening fraction (L VSF) was calculated before induction of anaesthesia and before intubation.
Statistical analysis within the groups of infants or children was performed using Student's t test for paired data. A P value < 0.05 was considered significant.
RESULTS
The mean values of heart rate, systolic blood pressure, cardiac index and stroke volume index at rest (pre-induction), during induction (pre-intubation) and after intubation (post-intubation) are presented in Table 1 (infants) and Table In the infant group, significant reductions in mean systolic blood pressure, cardiac index and mean stroke volume index were observed during induction (Table 1) . Following intubation, significant increments were recorded in heart rate, blood pressure and cardiac index in comparison with the preinduction values. In the child group, heart rate increased significantly during induction while significant decreases were observed in blood pressure, cardiac index and stroke volume index ( Table 2 ). After intubation, significant increases were observed in heart rate, blood pressure and cardiac index above the pre- induction values. Stroke volume index increased above values observed during induction but remained significantly below the resting pre-induction values. The echocardiographic dimensions of children undergoing induction with thiopentone and suxamethonium are presented in Table 3 . The mean left ventricular end-systolic dimension was significantly greater after induction while the left ventricular shortening fraction was significantly reduced. DISCUSSION Numerous studies 7 in adult humans have confirmed the depressant effect of thiopentone on the cardiovascular system. One study8 during induction of anaesthesia with thiopentone in morphine premedicated patients spontaneously breathing a mixture of nitrous oxide and oxygen revealed a 20% reduction in cardiac index, a small decrease in blood pressure and a small increase in peripheral vascular resistance. Another similar study9 revealed a 22% reduction in cardiac index, a 9.6% fall in blood pressure and a 19% rise in total vascular resistance with no change in heart rate. In unpremedicated adults 10 thiopentone (4 mg/kg) caused a 16% reduction in cardiac output, an 8% reduction in blood pressure, a 32% increase in heart rate and a 9% increase in peripheral vascular resistance. A studyl I in elderly (60-80 years) and younger (20-40 years) women showed a maximal 30%-40% reduction in cardiac output after an initial 250 mg bolus of thiopentone followed by 50 mg boluses until the eyelash reflex was obtunded. They were subsequently paralysed with suxamethonium and ventilated. In a cardiovascular study combined with electroencephalographic monitoring of the depth of anaesthesia, 12 cardiac index decreased by 12% with light anaesthesia and by 25.4% with deep anaesthesia when thiopentone was administered by infusion. Blood pressure and heart rate did not change significantly but total peripheral resistance increased by 19% with light anaesthesia and 32% with deep anaesthesia. In a similar studyl3 during thiopentone infusion with electroencephalographic monitoring, a 24% reduction in cardiac index occurred with light anaesthesia and a further 24% reduction occurred with deep anaesthesia. Blood pressure decreased an overall average of 19% with light anaesthesia with an average 23% reduction with rapid induction (> 175 mg/min) and an average 8% reduction during slow induction ( < 50 mg/min). No significant changes in heart rate were observed at any depth of anaesthesia while peripheral resistance did not change significantly with light anaesthesia but increased significantly with deep anaesthesia. These studies confirm that thiopentone depresses cardiac output and blood pressure. They also reveal that an increase rather than a decrease in peripheral vascular resistance occurs with thiopentone administration. This suggests that hypotension is not due to peripheral vasodilatation but rather due to either direct or indirect depression of myocardial contractility.
Our study of infants and children supports previous observations of deleterious cardiovascular effects observed in adults. We observed significant depression of cardiac index in infants (23%) and children (19%). Concomitant depression of blood pressure and stroke volume index was also observed in both groups. Blood pressure decreased 14% in infants and 24% in children while stroke volume index decreased 15% in infants and 35% in children. Heart rate decreased slightly in the infant group during induction but. in contrast, increased significantly in the chIld group in whom atropine (10-20 )lg/kg) w~s used as premedication. Despite the increas~ III heart rate in the latter group however, card lac output (heart rate X stroke volume) decreased.
Our M-mode study of children premedicated with diazepam and atropine revealed that left ventricular shortening fraction is decreased from 38.0% (SO 1.1 %) before induction to 26.1 % (SO 1.3%) after induction. Although L VSF is only one of several indices used for estimating myocardial performance, our observation of significant depression of L VSF with thiopentone administration suggests that decreases in blood pressure and stroke volume are due to depression of myocardial contractility.
The site of action of thiopentone in causing cardiovascular depression is controversial. Several studies in animals suggest that the depression is due in part to direct depression of the myocardium. Studies in dog heart-lung preparations l4 demonstrated that injection of thiopentone into the superior vena cava resulted in a rise in right atrial pressure, aortic hypotension and a dramatic fall in left ventricular output. Others l5 have demonstrated a depression of contractile force of the left ventricle in dogs using Walton-Brodie strain gauges. The evidence for direct depression of the myocardium in man is less convincing but is suggested by the depression of the cardiac output despite increases in cardiac filling pressures with or without compensatory increases in total vascular resistance. 7 Depression of the vasomotor centre may explain depression of cardiovascular function during thiopentone administration. Indeed, thiopentone reduced cervical pre-ganglionic sympathetic activity in cats l6 and the authors concluded that barbiturates inhibit 'pressor' neurons in the medulla oblongata. On this Anaesthesia and Intensire Care. Vol. 16. No. 3. August. 1988 basis, total vascular resistance would be expected to fall, but it usually increases or remains unchanged after thiopentone injection while cardiac output and blood pressure decrease. Although the increase in total vascular resistance is as yet unexplained, it suggests that the decrease in cardiac output with thiopentone administration cannot be entirely attributed to vasomotor centre depression, but may be partly due to direct myocardial depression. The role of the vasomotor centre in thiopentone induced cardiovascular depression is supported by the demonstration 17 that administration of thiopentone in adults is followed by a decrease in plasma noradrenaline levels while plasma adrenaline remained unchanged.
In adults, the usual response to tracheal intubation is tachycardia and hypertension. In a study18 of patients who underwent induction of anaesthesia with thiopentone (6 mg/kg) and suxamethonium (1.5 mg/kg) the average rise in mean arterial pressure was 25 mmHg after intubation with sinus tachycardia occurring in every patient. In patients premedicated with diazepam and atropine,19 intubation after thiopentone (5) (6) (7) mg/kg) and suxamethonium (1.5 mg/kg) resulted in hypertension and tachycardia. In our group of unpremedicated infants, intubation caused significant increases in blood pressure (21 %), cardiac index (22%) and heart rate (l 0%) above pre-induction levels. A larger increase in heart rate (57%) above pre-induction rate was observed after intubation in children premedicated with diazepam and atropine while smaller increments in blood pressure (22%) and cardiac index (22%) were observed.
This study of the effects of thiopentonesuxamethonium induction in infants and children complements observations in adults. There is significant reduction of cardiac output which is due to a depression of myocardial contractility and manifested as a reduction in blood pressure and a reduction in calculated stroke volume. Premedication with atropine appears to permit an increase in heart rate on induction and hence mitigate a decrease in cardiac output. The increment in cardiac output after intubation is due to an increment in heart rate and is not due to a restoration or increment in stroke volume. Consequently, the increment in blood pressure after intubation does not appear to be due to increased myocardial contractility and may be due to an increase in vascular tone. Premedication with diazepam does not suppress tachycardia and hypertension on intubation in the paediatric age group when anaesthesia has been induced with thiopentone.
